During the recent period of economic crisis, many countries have introduced scrappage schemes to boost the sale and production of vehicles, particularly of vehicles designed to pollute less. In this paper, we analyze the impact of a particular scheme in Spain (Plan2000E) on vehicle prices and sales figures as well as on the reduction of polluting emissions from vehicles on the road. We considered the introduction of this scheme an exogenous policy change and because we could distinguish a control group (non-subsidized vehicles) and a treatment group (subsidized vehicles), before and after the introduction of the Plan, we were able to carry out our analysis as a quasi-natural experiment. Our study reveals that manufacturers increased vehicle prices by the same amount they were granted through the Plan (1,000 €). In terms of sales, econometric estimations revealed an increase of almost 10% as a result of the implementation of the Plan. With regard to environmental efficiency, we compared the costs (inverted quantity of money) and the benefits of the program (reductions in polluting emissions and additional fiscal revenues) and found that the Plan would only be beneficial if it boosted demand by at least 30%.
Introduction
The automotive industry is widely considered one of the most important manufacturing sectors in a country's economy. Its high level of production and its labor demand make it a visible sector in any economy. The current economic crisis experienced by Western economies starting in 2008 has significantly impacted this industry, particularly in terms of automobile sales.
Reduced sales resulting in increased unemployment in the sector coupled with demands to meet targets for the reduction of greenhouse gas emissions -a result of the United Nations Copenhagen Climate Change Conference and the Kyoto Protocol -has led many Western governments to introduce special programs aimed at increasing vehicle replacement through new purchases.
These programs were essentially designed to fulfill two objectives: increase automobile sales (thereby minimizing redundancies), and reduce greenhouse gas emission levels generated by the vehicles on the road. These policies were implemented in countries such as Germany, Italy, France, the United Kingdom and the United States during 2008 and 2009. Although there were many countries that introduced these programs and approved their costs in governmental annual budgets, little attention has been paid to their effect on economies and, as far as we know, there are no studies into their effect in Europe. Nor are there any studies into the impact of governmental aid on prices set by industry.
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One governmental aid program in the United States that has been extensively analyzed called for the adoption of a hybrid vehicle. 6 The program offered a rebate of up to $2,000 and was introduced in 2001. A new version was introduced in 2005, increasing the rebate to $3,400. Diamond (2009) carried out a first estimate of the impact of this program on the sale of certain hybrid car models (Toyota Prius, Honda Civic and Ford Escape) and the results showed an increase of approximately 18%, depending on the model. Beresteanu and Li (2011) studied public aid and the effect of gasoline prices on the purchase of hybrid vehicles. The results of the study showed that if the price of gasoline had not increased between 1999 and 2006, there would be 37% fewer hybrid vehicles on the roads. In terms of public aid, the authors estimated that the program stimulated a 20% increase in the demand for hybrid vehicles. Gallagher and Muehlegger (2011) analyzed this same program in United States and found a similar result (a 22% increase in demand).
Other studies include a report by Huang (2010) in which he analyzed the "Cash for Clunkers" program introduced in United States. This program was introduced in March 3 2009 and offered between $3,500 and $4,500 to exchange an old vehicle for a more energy efficient one. If the savings were between 4 and 9 miles per gallon of gasoline, the owner received $3,500, and if the savings were even greater they received $4,500 7 . The study shows how the average amount awarded ($4,224) boosted demand for more energy efficient vehicles by between 25% and 30%. 8 Other papers like Mian and Sufi (2010) or Li et al (2011) show like the global effect of the program was zero. Both papers find that after the initial increase in sales, they decrease in the months after the program. After few months the accumulative sales return to the normal level and the effect of the program is not really different from zero.
Given that most studies focus on the promotion of hybrid vehicle sales in the U.S market (and not the impact on prices), the objective of this study was to analyze the impact of a program that promotes pollution reducing vehicles (Plan 2000E in Spain) from three different perspectives: firstly, on the prices set by automobile manufacturers (the effect of subsidy on price); secondly, its effect on the sales of automobiles, and thirdly, on the viability of the program in terms of environmental benefits (measured by assessing empirical evidence).
Our study will contribute to the literature surrounding this issue in the following ways: firstly, as far as we know, the impact of public assistance on prices set by manufacturers in the conventional cars has not been previously analyzed. Secondly, studies that analyze European cases are not available in the literature. Thirdly, we provide evidence on the environmental viability of the program, by comparing its costs and the environmental benefits.
The difference-in-difference analyses revealed that the manufacturers' response to the introduction of the Plan was to significantly increase the prices of the subsidized vehicles, thereby keeping a part of the funds. The fact that automobile manufacturers (hereinafter manufacturers) received one part of the credit by increasing vehicle prices illustrates that the effect of the Plan on the sales and on pollution reduction levels is actually quite low, which significantly reduces the efficiency of the Plan. Econometric results showed that the impact of the program on the sales of automobiles was only around 10%, in the best scenario.
Our results also indicate that the costs of the program far exceed the resultant environmental benefits, and as such Plan 2000E not only turned out to be inefficient, but probably was socially undesirable too.
Section 2 describes the characteristics and the implementation of Plan 2000E in detail and Section 3 focuses on the data used in the empirical study, which is presented in Section 4 for both objectives (effects and environmental efficiency). Conclusions are given in Section 5.
Plan 2000E
The manufacture of automobiles and bicycles in Spain during 2009 was valued at approximately 40 billion euros and employed 145,645 workers that same year. These figures accounted for 11.5% of total production and 7.2% of employment in all manufacturing sectors 9 . These figures demonstrate the importance of this sector in the Spanish economy, and explain why this industry has received so much media attention during the ongoing economic crisis.
To put Spanish automobile manufacturing into an international perspective, Spain was the eighth largest manufacturer in the world and third largest in Europe in 2009. Despite this, there is evidence that starting in the end of 2007, the economic crisis was starting to affect the sector, and by 2009 the sector had reached an alarming level of suffering, with a reduction in year-on-year manufacturing of almost 20% for motor vehicles in businesses with more than two hundred employees, and 35% in the remaining businesses 10 . This negative evolution in the sector in 2008 and 2009 led the Spanish Government to take action (as did other countries with similar problems) 11 by introducing a scrappage scheme that would reactivate sector activity, called Plan 2000E. This Plan would subsidize the replacement of an old vehicle for a new one, with specific characteristics, and was cofinanced by the National Government (who contributed 500€), the Autonomous Communities (who contributed 500€) and manufacturers (who contributed 1,000€) with the aim of providing a total subsidy of 2,000€.
Only specific vehicles with the M1 classification could be subsidized (motor vehicles with at least four wheels, designed and manufactured for the transport of passengers) and those with the N1 classification (vehicles designed for the transport of merchandise, whose gross vehicle weight did not exceed 3.5 tons). A list of vehicle requirements is shown in Table 1 .
Consumers could benefit from the subsidy by exchanging an M1 or N1 classified vehicle, which was at least 10 years old or with a minimum of 250,000 km on the clock for a new vehicle that did not exceed 30,000€ (prior to applying the subsidy, with VAT taxes included) and met certain emissions criteria. The scheme could also be used for second 9 MITYC. Estadística de Fabricación de Vehículos Automóviles y Bicicletas. 10 
Fundación SEPI (2009). Las empresas industriales en 2009: Encuesta sobre estrategias empresariales.
11 During 2008 and , public assistance was also provided to purchase of vehicles in Germany (2.500€ per vehicle, with a total of 600,000 vehicles being subsidized), Italy (rebate ranged from 1,500€ to 3,000€, depending on the vehicle), France (allocation of 1,000€, with approximately 400,000 vehicles subsidized), the United Kingdom (2,000 GBP, of which the Government contributes 1,000, and the manufacturers the rest) and the United States (rebate of $3,500 or $4,500, according to vehicle fuel consumption).
hand purchases 12 if the car being scrapped was at least 12 years old and the used was less than 5 years old.
The subsidy consisted of a credit of 1,000€ added to the manufacturers price for each vehicle. Once the subsidy was applied (with other applicable discounts) and indirect taxes had been added, the subsidy from the National Government of €500 was applied, in addition to another 500€ from the autonomous community -if they were participating in the scheme 13 . . 12 The specific conditions of the Plan applied to second hand purchases are very restrictive. In consequence, the amounts of sales of this type of cars represent a low percentage of total sales in the market. Moreover, it is quite difficult to obtain the prices and sales of second hand purchases vehicles. This is why we will not consider the impact of the Plan 2000E in those vehicles. In the first stage, there was a degree of uncertainty amongst the Communities as to how to react to the Plan; these doubts had increased by the third stage in 2010. Given that it was impossible to obtain detailed information on sales in each of the Communities, we measured the average impact of the Plan, i.e. variations in regional responses to the Plan.
The characteristics of the Plan previously indicated allowed us to address this study as a quasi-natural experiment. As pointed out by Lafontaine and Slade (2008) , a natural experiment must meet three criteria: 1) that there is an exogenous change in the market; 2) that there is a group affected by the change; 3) that there is a group that is not affected by the change, which fulfills the control group function.
The introduction of the Plan meets these criteria: 1) the introduction of the Plan is a political decision, an agent that does not operate in the market and therefore the change is not produced as a consequence of actions by the active manufacturers in the market. Although the introduction of the plan can respond to the economic crisis, automobile operators could not anticipate the criteria to be subsidized, or the exact moment that it would implemented; 2) the introduction of the Plan allows us to have a group of different versions of vehicles affected by the Plan (those that satisfy the criteria to join the Plan); 3) Plan 2000E creates a set of equal versions (even those found within the same vehicle model) that cannot be included in the Plan and hence represent an excellent control group. As the introduction of Plan 2000E meets the criteria of a natural experiment, which allows us to apply a difference-in-difference estimator, we can estimate the effect of the program on the prices set by the manufacturers in a relatively simple way. Since the two groups were formed after the introduction of the Plan they are not considered random -they were created by the Plan -we had to control our estimations by using characteristics that determine whether a vehicle belongs to one group or another i.e. the pollution level, which was estimated based on the horsepower of the vehicle.
Although there are some positive reviews of the Plan, such as that from The Spanish Competition Authority (Comisión Nacional de la Competencia, CNC) has stated their concerns about the effects of the Plan on vehicle prices and that they have reason to believe that the automobile dealers had incentives to increase prices, not only to counteract the discount but to absorb part of the subsidy received by the consumers. According to the CNC (2009), it was expected that one result from Plan 2000E would be increased sales, reduced prices paid by the consumer and increases in the price received by the dealer, in a way that the difference between the price paid by the purchaser with the subsidy and the price that would be paid without the subsidy would be less than the subsidy itself. 
Data
To achieve our objective, we used a customized database with different sources, which included factory price, vehicle sale price to the public 22 , vehicle characteristics (security and comfort variables), monthly sales of each brand, as well as annual sales per vehicle model, and some control variables on income evolution (national Gross Domestic Product) and complementary goods prices (international crude price).
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The database contained prices (when the price for specific versions of a vehicle is always modified) for the period between January 2007 and September 2010 and included vehicles from 35 brands sold in Spain. These prices change usually two or three times a year. This equated to 732 specific versions, 24 which had to be available on the market before and after the implementation of the Plan (which is one of the advantages of the average analysis carried out by the CNC, which is done by model). Table 2 shows the main descriptive statistics used in the database, distinguishing between subsidized and non-subsidized vehicle. 23 Price data and characteristics were obtained from the website of Asociación Nacional de Vendedores de Vehículos a Motor, Reparación y Recambios (GANVAM). Market data on monthly vehicle registrations were obtained from the Asociación Nacional de Importadores de Automóviles, Camiones, Autobuses y Motocicletas (ANIACAM). Nominal GDP came from INE and international crude prices from OPEC. 24 A breakdown of the versions in our database follows; 289 are subsidized vehicles, and 443 versions are non-subsidized.
Note: S is Subsidized vehicle. Non-S is non-subsidized vehicle.
The database includes those vehicles that have a public sale price of less than 50,000€ for two reasons: firstly, Plan 2000E establishes a requirement that the car price be less than 30,000€; secondly, and most relevant, because the competition is diverse between vehicles with very high prices than those with low prices. It is expected that the vehicles that cost more than €50,000 would belong to a distinct product type market and would not directly compete with the identified automobiles in the Plan. Table 2 shows the average price of vehicles per brand, differentiating between subsidized and non-subsidized vehicles. The prices ranged from approximately 7,000€ to 38,000€. 38% of subsidized cars (51% of non-subsidized) used a gasoline engine with 100 horsepower (155) and an average guarantee of 28 months (31 for non-subsidized). The majority of the vehicles had anti-lock braking system (ABS) and power steering. During the study period, the average monthly sales per brand represented 3,699 vehicles, and the price of crude ranged from $39.95 to $132.72 per barrel. Figure 1 shows monthly trends in vehicle sales; the point when Plan 2000E began is highlighted in red. From this date on and after each extension of the Plan, an increase in vehicle sales was observed. Nevertheless, vehicle sales clearly vary depending on the month being observation. After the introduction of Plan 2000E, the only months in which a different pattern was observed comparing the same months in different years were July 2010 (a fall in car sales was observed and the date coincides with the end of the Plan), and November 2010 (an increase in sales was observed, even though Plan 2000E was no longer in place). With regard to the remaining periods when Plan 2000E was in place, the average monthly vehicle sales followed the same trends seen in previous years.
Graph 1. Monthly Automobile Sales in Spain
Source: ANIACAM. Own elaboration.
Given the uncertainty during the application of Plan2000E, we wanted to identify whether there were any variations in behavior at the different stages of the Plan so we considered the different stages separately and assessed behavior. The first stage under consideration was the first four months after the Plan was officially launched (see footnotes 13 and 14), which ran from May to August 2009. This period saw the maximum availability of funds and maximum interest from the Communities. For the second stage, we considered the remaining period for the Plan, which ran from September 2009 to June 2010; this period definitively marked the end of the budget. These months are considered as a single group because of the uncertainty when, during September and October, it was discovered that funds were limited. In addition, there was continued uncertainty when the budget was increased at the end of 2009 and again in 2010.
In the other estimates we considered three periods: May to August 2009, September to October 2009 (when funds were limited and in some cases extremely scarce, even though these months continued to form part of the initial stage of the Plan), and November 2009 to June 2010 (because in November 2009 and January 2010 new budgets were established, thus there were additional funds made available during these months to allow Plan 2000E to continue).
In the proposed analysis by the CNC, it is stated that there is reason to believe that behavior varies depending on which price model is in place; subsidized or non-subsidized. Table 3 shows a similar analysis into the average prices for subsidized and non-subsidized vehicles before and after the introduction of the Plan. The analysis was carried out for the two periods highlighted above. We observed that trends in average prices of the subsidized vehicles and non-subsidized vehicles varied. In the first stage, while the prices for non-subsidized vehicles fell 7.7%, there was a slight increase (0.2%) 25 in average prices for subsidized vehicles. In following stages, all of the models saw a drop in prices as a result of the situation in the previous stage and this was more prominent in the non-subsidized vehicles: between September 2009 and June 2010, average prices for vehicles in the subsidized group fell 9.5%, while those in the non-subsidized group fell a further 16.7%.
Although these results may reflect an impact of the subsidy that contrasts with what the Government expected, they must be analyzed with caution; being descriptive, they do not account for supply factors (those which affect brand prices) or demand factors (perhaps there is a different behavior in the sales between subsidized and non-subsidized vehicles after the introduction of the Plan) so we had to be careful not to report inaccurate conclusions.
An econometric analysis of the prices was carried out to determine whether there was a variation in price trends associated with vehicle type.
Empirical strategy
The present study has two objectives. The first is to analyze the effect that Plan 2000E had on the manufacturing prices of vehicles included in the Plan. 26 We created an equation in which vehicle prices are a function of vehicle characteristics, total sales by brand (ideally we would use exact sales by automobile version, however this data is not publically available), the economic evolution of the country, the official price of crude oil and possible timing effects. These details are addressed in Section 4.1.
Usually the difference-in-difference estimators are implemented to analyze the effects of this type of programs. However, we do also implement the matching estimators, in order to solve some of the problems produced by that methodology. Results are shown in section 4.2.
Once we observed the impact of the program on prices set by the manufacturers, we then set out to determine whether the Plan was viable by estimating the benefits (i.e. the reduction in greenhouse gas emissions and the tax revenue derived from increased sales), and the costs derived from its implementation (i.e. the volume of public resources invested in the Plan).
Effect of Plan 2000E on prices
The forecast carried out considered the exact versions of vehicles that were available before and after the introduction of Plan 2000E, which only applied to vehicles with a sale price not in excess of 50,000€. Similarly, given the differences in vehicles within categories, we included an option that allowed us to carry out a cluster analysis by price and horsepower and thus obtain stronger results
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. This allowed us to control potential differences in errors according to price bracket.
The estimate by Berry et al. (1995) is the most commonly used for demand estimates and states that vehicle price and characteristics determine their sales. In this study, the characteristics of Plan 2000E meet the criteria of a quasi-natural experiment, meaning we can estimate the effect of the Plan using a difference-in-difference estimator. This allows us to have a control group (the versions of vehicles that are non-subsidized) and a treatment group (the versions of vehicles that are subsidized and meet the criteria for Plan 2000E). The correct implementation of difference-in-difference estimator requires that the differences between both groups (control and treatment group) are minimal, excepting from the treatment. The availability of versions of vehicles that are non-subsidized and versions that are subsidized in our database allows the implementation of difference-indifference, being the adherence to the Plan the only contrast between them. If there are differences between groups, the variable responsible for the differences must be controlled. In this study, the only difference between the control group and the treatment group is the pollution level, which must be controlled so that our estimations are not biased. Vehicle horsepower can be used to estimate the pollution level and thus allows us to measure and control this difference between the two groups. It is important to note that there are no other differences between the two groups with respect to the remaining characteristics because the same versions of cars were used in each group. This type of methodology is frequently used to analyze the effect of public policies. One example is a study by Albalate (2008) who assesses the impact of programs to reduce alcohol levels in European motorists.
The first part of the methodology is to estimate the following equation: (2008) we estimated the same model incorporating dummy variables for years prior to the Plan, differentiated for the car's versions affected and unaffected by the Plan. The econometric result indicates that both groups follow the same trend before the Plan, so the result of the difference-in-difference estimator would reflect the specific effect of the Plan and not the previous evolution of both groups. The Chi2 is equal to 1.58 and we can not reject null hypothesis that the trend of affected and unaffected versions follow the same trend at 45.49%. The explanatory capacity of the model was approximately 78% and the F-tests were accepted at 1% in all of the cases.
With respect to the explanatory variables, the quantity of vehicles sold is significantly low, which explains the inverse relationship between price and quantity. Recall that this variable is instrumented based on GDP, price of crude, year and summer
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. Some characteristics of the vehicles are significant and determine that diesel vehicles, with greater horsepower or larger trunks, are factors that increase the vehicle manufacturer price. It is interesting to observe that the vehicles with longer guarantees have lower prices. A test was carried out on some brands that are found in lower market segments, and revealed how they offered a longer guarantee in this period 32 .
Nevertheless, the variables of greatest interest in the study are difference-in-difference estimators. Both forecasts gave the same result: during the application of the first stage of the Plan, subsidized vehicle prices increased by approximately 1,000 euros compared to non-subsidized vehicles. So we can conclude that during this period (from May to August 2009), a positive effect was observed on the prices of subsidized vehicles. Diamond (2009) indicated that manufacturers could incorporate public assistance funds in their price structure and thus establish a higher price for vehicles. Incorporating this concept into our study, we can say that a large part of the subsidy could go directly towards subsidizing the manufacturers without significantly influencing the adoption of new vehicles, which would work against the program objectives. However, the report by the CNC (2009) indicated that Plan 2000E would probably result in an increase in the nominal and effective price received by the dealer by about 1,000 euros, since they have incentives in maintaining the same price prior to the introduction of the Plan.
One aspect that we want to discuss is the possibility that consumers buy subsidize cars rather than non-subsidized vehicles. In this case our control group would be affected by the Plan and the difference-in-difference estimator would be biased upward. In this case, the coefficient of the D-i-D estimator does not reflect an increase in the prices of subsidized vehicles but the increase in the price difference between subsidized and nonsubsidized vehicles. This increase in the price difference would be partly explained by the increase in prices of subsidized vehicles (ownership of part of the grant by firms) and the effect of sales on prices. In any case the difference-in-difference estimator would measure in an efficient way the relative price difference between subsidized and non-subsidized cars caused by implementation of the Plan. 31 The Kleibergen-Paap and Stock-Yogo statistics indicate that our instruments do not properly solve the problem of endogeneity of the monthly sales by brand variable. This fact can make the coefficient of this variable be biased towards zero, so the effect of sales on price could be greater. 32 In fact, the longest guarantee is given by KIA (84 months). Nissan offers 36 months, Seat, 24.
We have not found any other analysis in the literature that focus on the impact of public assistance in established manufacturer prices of conventional vehicles 33 . Nevertheless, Busse et al. (2006) showed how consumers obtained between 70% and 90% of the discounts offered directly to consumers, while the discounts offered to the vehicle dealers only reached 30% or 40% of consumers. The authors believe that the information asymmetries are responsible for these differences.
Therefore we can conclude that in the first stage of the Plan by increasing their prices by 1,000 euros for the subsidized versions of certain vehicles, the manufacturers "collected" this amount rather than it being passed on to the consumer,. At this point it is not possible to determine the effect of different prices on different types of vehicles, likely due to the uncertainty created by the Plan. In summary, half of the fixed 2,000€ subsidy in the Plan was taken by the manufacturers and thus in reality the Plan consisted of a 1,000€ subsidy paid to the consumer upon replacement of an old vehicle, and the same amount paid to the manufacturers. The part of the Plan that ended up being the subsidy to the manufacturers obviously does not create or reduce pollution levels nor does it increase vehicle sales; thus the efficiency and effectiveness of the Plan are unclear.
Average effect of Plan 2000E
Academic literature has been referred to as unconfoundedness, exogeneity, ignorability or selection on observables when regression models have been used. However comparisons made between treated and the control groups remove any self-selection bias. Adjusting treatments and control groups for differences in covariates, or pretreatment variables, is the key to obtain causal inference of effects.
Matching analysis was first proposed by Rubin (1974) , although Rosenbaum and Rubin (1983) is the seminal paper in this field. Let Y 1 represent the outcome (here, manufacturer price) in the case of a unit (a version of a car) exposed to treatment (subsidized version by Plan2000E, described in Table 1 ). By analogy, Y 0 is the outcome if the unit is not exposed to treatment (D=0).
Our interest is defined by the difference between Y1 and Y0, so it yields a problem of inference with missing data. In our specific case, we are interested in estimating the average effect on prices of subsidizable vehicles of the Plan 2000E, which can be defined as:
A set of observable characteristics (Z) affects both treatment status and potential outcomes. Using the untestable conditional independence assumption and a requirement for identification, the Average Treatment effect on the Treated (hereafter, ATT) can be identified as:
As considered in Heckman et al (1997) , a difference-in-difference analysis may include two sources of bias: the first one arises when the program affects certain versions, but there are no comparable versions to which the program cannot be applied and vice versa. The second bias arises from different distributions of the vector of observable variables that affect our endogenous variable within the two groups of vehicles.
The use of matching estimator eliminates these two potential biases by pairing treatment versions of vehicles (subsidized vehicles) with control groups (non-subsidized vehicles) that have similar observed attributes. 34 This is one of the main advantages of matching analysis respect to former empirical approach. The main hypothesis is whether it exists any unobserved variable we have not included in instrumental variable regression (hereafter, ivregression). Differences in matching and iv-regression are the key issue.
In our case, we have calculated the average treatment effect on the treated by propensityscore matching estimator. This ATT has been obtained by using the Nearest Neighbour Matching method.
35 Table 5 summarizes matching estimator outcome. In all estimations we have included as exogenous variables the following: "DID first stage", "monthly sales", "horsepower", "guarantee", "trunk capacity", "abs", "number of airbags" and "power assisted direction", described all of them in table 2. The estimation has been done using bootstrap option. If we consider vehicles with price lower than 50,000€, the same assumption we did in equations 1 and 2, results show an average effect of prices of 1,085€. This means that the price of subsidized vehicles increased by approximately 1,000€ respect to non-subsidized ones. Similar to the previous discussion, the ATT does reflect the increase in the price difference between both types of vehicles in the same way the D-i-D estimator does. It is the same result that we obtained previously, what leads us to assume the robustness of the diff-in-diff estimators.
However, if we only analyse the impact on prices of vehicles cheaper than 30,000€, restriction imposed by the Plan, we can see an increase on prices of 1,500€. This result shows how the effect is higher when considering only vehicles that could have been subsidized in terms on prices.
Environmental efficiency of Plan 2000E
To estimate the benefits of the program
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, we calculated the benefits of reduced greenhouse gas emissions generated by the vehicles included in the Plan and the tax revenue generated from increased sales.
To quantify the benefits of reduced greenhouse gas emissions we assumed that the Plan replaced cars with average greenhouse gas emission levels of 1990 indicated by the European Union (180 grams de CO 2 /Km) with less polluting cars i.e. those included in the subsidized range of vehicles described in Plan 2000E (133.92 grams of CO 2 /Km) (see Table 7 ).
After calculating the reduction in pollution production per kilometer, we multiplied these savings by the number of kilometers that the car would travel after one year (24,000 km), by the number of years this car could expect to run (15 years) 37 and by the number of cars included in the Plan (461,838 vehicles). This allowed us to determine the number of tons of CO 2 emissions that would be avoided as a result of the Plan, which we could then translate into a monetary value. This was achieved by multiplying the number of tons of CO 2 by the average price of emission rights of a ton of CO 2 in the market during 2010 (€14.32).
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The other element of Plan 2000E that brought benefits was the increase in tax collected from the sale of automobiles. The sale of any type of vehicle generates revenue for the public treasury from Value Added Tax (VAT) and vehicle registration tax (IM). In this case, since a 2,000 euro subsidy was available for the purchase of a vehicle, the Treasury Department would receive additional revenue, since the subsidy would be included as an income increase and thus be declared in individual income tax filings (IRPF).
This income is very important, as seen in the report by the Union of Analysts of the Spanish Treasury Department (GESTHA). In this report they estimated that each one of the vehicles generated 2,643€ in revenue with the following breakdown: 196€ from income tax, 1,958€ from VAT and 489€ from vehicle registration tax. These figures were actually used by the analysts at the Spanish Treasury Department to ensure that Plan 2000E was profitable. The result was estimated revenue of approximately 1.2€ billion, which was greater than the costs of the Plan.
It is important to highlight that these results are only accurate if we assume that all users that took part in the Plan would not have changed their vehicle had the Plan not been in place. This assumption is reflected in the first column of Table 7 , in which we assume that the 461,838 vehicles included in the Plan account for newly created demand.
Nevertheless this data is not reality, so to estimate the effect of the Plan on subsidized vehicle sales we followed Equation 3. In these forecasts, unlike those shown in Table 4 , we used annual sales by model. We did this because sales by brand have an associated monthly periodicity, which tells us with greater variability that we are observing a monthly effect of the Plan. However, to distinguish between subsidized and non-subsidized models we carried out a sales forecast with annual figures by model.
We created the following equation:
In Table 6 we used the variable subsidized as binary. If the corresponding model had 50% or more versions that were subsidized, then the variable takes on a value of 1, otherwise it is zero. In the columns (1), and (2) we used a cluster error term by brand to take into account the heterogeneity of the different brands in our data base. In the case of columns (3) and (4) we used fixed effects by brand. In the columns (2) and (4) we introduce the variable "manufacturer price" that we consider an endogenous variable. In these two cases we use a Two Least Squares and the instruments are: GDP of the country, trunk capacity, a dummy variable that take value 1 if has a power assisted steering, the number of airbags and the horsepower. Results are shown in Table 6 . 39 39 Like in the price equation we test if the affected and unaffected groups follow the same trend before the Plan. We obtain the same result, we can not reject the null hypothesis that the two groups follow the same trend before the introduction of the Plan. So, the D-in-D estimator shows in an efficient way the effect of the Plan. Note 1: *** 1%, ** 5%, *10% significance test. Robust standard errors shown in brackets.
As Table 6 shows, the effect of the Plan on sales defined ranges from 730.4 to -1,458.3 units. We have to take into account that the information is aggregated at annual level, so our empirical estimations have a lot of noise. In any case we calculate the percentage of increase in sales derived of the implementation of Plan2000E. Like we can see in the last row of the table 6, the percentage ranges from 9.2% to the -18.5%. These results are in average close to that obtained in the analysis performed by the Fesvial Company and GfK Emer Ad Hoc Research (2009) , in which they reported that the Plan "encourages many individuals to buy a vehicle" based on 5% of the survey participants.
This result is not surprising when we consider the duration of the Plan 2000E, over thirteen months. As indicated Mian and Sufi (2010) and Li et al (2011) , the effects of the "Cash for Clunkers" program in United States over the sales are diluted in less than six months, going to have an effect on sales equal to zero. It is possible that the Plan 2000E generated positive effects on sales in the initial months, but unfortunately we have not monthly data on sales to test this hypothesis. In summary, seems clear that the overall effect of the Plan 2000E on sales over its lifetime is effectively zero.
Regardless of the empirical evidence, in the additional columns from the efficiency analysis included in Table 7 we uncovered new demand generating capacities of the Plan, starting with the previously mentioned 100% to 10%.
In terms of the benefits derived from the reduction of polluting emissions, the benefits depend on the capacity of the Plan to create demand for less polluting vehicles. Our survey found that a large percentage of participants would have exchanged their car for a less polluting model even if the Plan did not exist, thus a reduction in pollution levels would have been seen even without the Plan.
As above, the benefits derived from tax revenue depend on the capacity of the Plan to create demand. If, for example, 40% of sales came from newly created demand, then 60% of the users would have changed their car anyway and would still have paid VAT and registration taxes. Personal income tax collection if we must maintain that the collection of cars included in the Plan, independently if the change of car by the introduction of the Plan or not. This is due to the increase in income that is subject to income tax generated as a direct result of the Plan, and without this the increase in personal income tax collection would not have occurred. As we can see, the benefits and therefore the effectiveness of the Plan depend on its capacity to generate new demand.
With respect to the program costs we have only taken into account the expenses assumed by the local and national governments. To calculate these costs we multiplied the total number of cars included in the Plan 2000E (461,838 vehicles) by the 1,000€ subsidy per vehicle contributed by the local and federal government. The costs do not depend in any case on the capacity that this has to create new vehicle demand since the subsidy is given to all of the users that participated in the Plan, not only those who would have changed their car anyway, but also to those who would not have changed their car without the Plan. Results are shown in Table 7 . , costs exceed revenues and the plan becomes socially undesirable for Public Administration. This result is very important since it tells us that the Plan is inefficient particularly in that alternative costs with an equivalent cost would further reach better results.
The great majority of costs and revenues considered in table 7 are income transfers from the Government to producers and consumers, which should be taking into account when performing a Cost-Benefits analysis. Nevertheless, the main objective of this section is to determine whether the Plan 2000E is the most efficient policy (the one in which has to invest less funds) the Public Administration has at its disposal to reduce the emissions of CO 2 .
According to our estimations, the Plan only generates a new demand of 10% in the best scenario, what means that the consumers who benefit from the subsidy do not change their behavior. As a consequence, reductions of CO 2 are not generated. The amount of CO 2 saved from the new demand creation of 10% is about 766,133.821 tons. When we compare the savings of avoided CO 2 with the costs of the Plan 2000E that the Public Administration must bear, which are approximately 461 millions euros, we obtain that the proportion of cost per ton is close to 602€, when the value in the market of these tons is 14.32€. Knittel (2009) Available information concerning the impact of public assistance on the generation of new demand in the automobile industry seems to show that the results of Plan 2000E are far from the percentage levels that make a Plan beneficial from the perspective of Public Administration. Furthermore, our data clearly indicate that the implementation of the program resulted in a net loss for the Spanish economy. As we observed in the Introduction of this study, research has shown that the capacity to create new demand based on public assistance is about 20%. answered "a lot" and about 15% replied with "somewhat", while the remaining 80% did not show any intentions of changing their car because of the Plan. Thus, it seems that Plan 2000E at best led to new demand creation of 20%, a figure quite similar to the one obtained for the case of hybrid cars in the North American market. The econometric estimate indicates that the effect on sales by the Plan is about 5%. Therefore, the capacity to create new demand by public assistance programs requires in all cases a figure of about 20%, which is greater than the result of Plan 2000E this leads us to the conclusion that Plan 2000E was not socially desirable. With this level of new demand creation, the Plan would have generated social welfare losses of €123 million. Note that at this percentage, the benefits of the Plan do not even cover the public sector expense (€1,000 per vehicle). If the impact of the Plan on the generation of new demand is 5% as indicated by our forecasts and the survey carried out by Fesvial and GfK Emer Ad Hoc Research (2009) , the losses would add up to more than €309 million.
These results are reported despite the very favorable Plan assumptions: 15 year vehicle lifetime, 24,000 kilometers per year use, and approximately 130 grams of CO 2 /Km recommended by the E.U.; all of which contribute to the avoidance of greenhouse gas emissions. In addition, we assumed that the consumers who decided to change to a subsidized vehicle did so because of the Plan (the alternative being not to change at all) when actually it is possible that many consumers changed to cars that are non-subsidized yet less polluting. Thus, we have also obtained a reduction in pollution. It is clear that if we changed some of these assumptions the results from the Plan would only worsen social welfare. These assumptions clearly indicate that from an environmental perspective, Plan 2000E was an inefficient policy introduction.
As an alternative to direct assistance programs, there is a growing popularity in the economic literature towards increases in fuel tax and energy efficient vehicle standards. Greene et al. (2005) showed how a tax system in which taxes are fixed on vehicles with energy efficiency below a certain level, and whose revenue serves to subsidize the most efficient vehicles, would significantly increase the energy economy of the vehicles. Austin and Dinan (2005) compared how the modification of vehicle standards and/or the increase in fuel tax help reduce pollutants. The results of the simulation model highlight that the tax increase caused greater immediate savings than the modification of standards because it introduced individual incentives to drive less and choose more energy efficient vehicles.
Linn and Klier (2007) also reported that when faced with an expected increase in fuel prices, driving costs increased for the less efficient cars, creating new demand for more energy efficient vehicles. The authors estimated than an increase in fuel price of one dollar caused an increase in the energy efficiency of new vehicles by 0.5 miles per gallon of fuel.
The capacity to reduce vehicle pollutants by taxes has also been observed by Sterner (2007) . In this study the author shows that fuel consumption, and therefore pollution levels, would be much higher if fuel taxes did not exist within the countries in the OECD. This evidence leads the author to conclude that fuel taxes are the most powerful instrument in the fight against climatic change.
Similarly, Ryan et al. (2009) observed that the Road Fund Tax is the most efficient mechanism to reduce pollution levels of the vehicles within the countries of the European Union. Specifically, an increase of 10% in the Road Fund Tax caused a reduction in pollution levels of the fleet of vehicles equal to 0.3 grams per kilometer in the short term, which increased to 1.4 grams per kilometer in the long term.
To summarize, it seems that tax mechanisms (i.e. fuel taxes and vehicle taxes) have a greater influence on the pollution levels of the vehicles and imply a lower cost for local, regional and national governments 41 .
Conclusions
The automobile industry is one of the most important manufacturing sectors for current national economies. Their high production values and their labor intensity continue to have an important effect on governments, namely that they are traditionally concerned about the development and stability of this industry in its territories.
With the economic crisis affecting many developed countries since 2008, the automobile industry has reported a significant drop in sales, resulting in increased unemployment in the sector. Faced with this situation many governments have introduced programs to stimulate the replacement of old cars for new vehicles through scrappage schemes, with two main objectives: to increase automobile sales and reduce pollution levels.
Even though these programs are important there is an absence of empirical evidence on their effects. Studies on scrappage schemes in the United States have shown how this type of program can lead to an increase in sales of approximately 20%, however, we know nothing about the European market.
At the same time we do not know what effect the programs can have on the prices set by the manufacturers and whether these programs are desirable effects i.e. whether the costs of the program are lesser or greater than the benefits generated.
This study analyzed the effect of the prices fixed by manufacturers in Plan 2000E, which is a Spanish program that offered a subsidy of 2,000€ to consumers to replace old vehicles with newer, less polluting ones. It was co-financed by the manufacturers (€1,000 euros), National Government (€500 euros) and Autonomous Communities (€500 euros).
Using difference-in-difference we observed that the Plan caused an increase of 1,000€ in the price of subsidized cars, meaning that the subsidy of 2,000€ ended up being shared between the consumers, who would only receive a net discount of 1,000€, and the manufacturers, who would receive the remaining 1,000€. The matching estimator, applied to solve some of the problems of the diff-in-diff estimations, shows similar results.
Thus, the success of the Plan in achieving its objectives was limited since half of the fixed subsidy in the program went to the manufacturers and did not generate any type of incentive to the consumer to exchange vehicles for less polluting ones.
In addition to the first estimate of the net effects generated by Plan 2000E it is also clear that the Plan did not generate results for Public Administration. Even though we assumed favorable hypotheses, the result of our forecast was a negligible capacity to generate new demand of only 5%, compared to the 30% required to make the program efficient.
From the empirical analyses carried out in the United States and the survey of Plan 2000E, the estimated increase in demand capacity was approximately 20%. Assuming this 20% capacity for the generation of new demand, the program leads to losses of more than 123€ million, which would increase if the capacity to create new demand was lower. Losses would be greater than 300€ million with a 5% change in demand.
The results are clearly conclusive: the program is inefficient, subsidizing a large part to the manufacturers directly instead of the consumers. In addition, the high costs of the program and its reduced impact make Plan 2000E undesirable from Public Administration perspective.
If the real objective of government is to reduce the level of pollution caused by the vehicle fleet, economic literature has shown how other more efficient mechanisms exist and are less costly to the sector. The increase of fuel taxes or the fixing of more severe energy efficiency standards are examples of alternative mechanisms that can help meet goals in pollution prevention.
